Abstract
Introduction
Capital Asset Pricing Model (CAPM) is first established by Sharpe (1964) , Lintner (1965) and Mossin (1966) [1] , based on the investment portfolio theory of Markowitz (1959) . The model measures the portfolio's sensitivity to market risk, often represented by the quantity Beta (usually called coefficient β ), which is widely used in the financial industry. Since it offers a simpler approach to asset pricing and portfolio selection, it has been one of the most important benchmarks in modern finance theories. The theory of CAPM is usually expressed as following equation 
That means, excess return of portfolio i has a linear relationship with market excess return [2] 1 . Since then, many theoretical and empirical researches about this model have been done.
However, some limitations of the CAPM theory are pointed out by some researchers such as Lucas (1978) [3] , Breeden (1979) [4] and Black (1976) [5] . One group of researchers try to revise and extend the CAPM from different theoretical aspects. For instance, Lucas (1978) , Breeden (1979) and Shiller (1981) propose consumption CAPM (CCAPM). Wealth CAPM (WCAPM) is proposed by Black (1976) , Lee (1986) and Gweon (1986) . Another group of researches is to empirically test the CAPM theory with different methods or data. For instance, Fama and French (1993) [6] extend CAPM to a 3-factor model. For more applications or extensions about the CAPM theory, one can refer to Table 1 .
To empirically test the CAPM theory, it is traditional to assume Normal error terms. However, Normal distribution can not capture the skewness, fat-tailness and asymmetric kurtosis of financial data. Thus, a plenty of researches have been done in order to extend the Normal. For instance, Subbotin (1923) [7] and Azzalini (1986) [8] designed the Exponential Power Distribution (EPD) and Skewed Exponential Power Distribution (SEPD), respectively. Zhu and Zinde-Walsh (2009) suggested the Asymmetric Exponential Power Distribution (AEPD), which can nest many distributions, such as Normal, Laplace, and so on. They demonstrate that the new models with non-Normal error distributions have many nice statistic properties. For researches that generalize Normal distribution, one can refer to Table 2 .
Based on the SSAEPD in Zhu and Zinde-Walsh (2009) [9] and the EGARCH-type volatilities in Nelson (1991) [10] , in this paper, a new model is suggested and used to empirically test the CAPM theory. Different from the CAPM-GARCH models in Shen (2009) and Chen et al. (2012) [11] , in our new model, the error term is distributed as Standardized Standard AEPD (SSAEPD), which is more general than Normal Distribution. This new model may capture the skewness, fat tailness, leverage effects and volatility persistence better. The hypotheses will be tested as follows:
1) With non-Normal error terms such as SSAEPD in Zhu and Zinde-Walsh (2009), and EGARCH-type volatilities in Nelson (1991) , is the CAPM theory of Sharpe (1964) , Lintner (1965) and Mossin (1966) The organization of this paper is as follows. The model and methodology are discussed in Section 2. Simulation analysis is in Section 3. Data and empirical results are reported in Section 4. Section 5 is the conclusions and future extensions.
Model and Methodology

CAPM-SSAEPD-EGARCH
Based on the SSAEPD in Zhu and Zinde-Walsh (2009) and the EGARCH-type volatilities in Nelson (1991) , in this paper, a new CAPM model is suggested (i.e., CAPM-SSAEPD-EGARCH). The CAPM-SSAEPD-EGARCH (m,s) model has following forms: 
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In this special case, the GARCH parameter 1 a measures the persistence in conditional volatility. If 1 a is relatively large, then the volatility will take a long time to disappear following a crisis or a shock in the market. c > , it suggests that positive shocks are more volatile than the negative ones. 1 d parameter is refered as the ARCH parameter, which represents the symmetric effect of the model.
Standardized Standard AEPD (SSAEPD)
The probability density function (PDF) of the SSAEPD 4 , proposed by Zhu and Zinde-Walsh (2009), is (
p and 2 p are the parameters which control the left 4 If X is distributed as AEPD, denote it as ( )
. The mean of Z is zero and the variance of Z is 1. That is, 
where
Simulation Analysis
In this section, we simulate the data and derive the simulation results for the CAPM-SSAEPD-EGARCH (1,1).
( ) 
The true parameters chosen are 1 0.3, β = 2 0.5,
The data generation process (DGP) has following steps. 
3) Get { } 
Empirical Analysis
Data
The 25 portfolio returns used in Fama and French(1993) are analyzed. Data are downloaded from the French's Data Library 6 . Sample period is from January 1926 to December 2011. Caculated by Eviews, Table 4 lists the descriptive statistics of the 25 porfolios' excess returns 7 . We can see that 23 out of 25 portfolios have positive values for the skewness, and all values of the kurtosis are more than 3 , which documents asymmetric and fat tail characteristics. And the P-value of the Jarque-Bera test for each stock is zero. Hence, we conclude that all asset returns do not follow the Normal distribution under 5% significance level.
Estimation Results
CAPM Not Alive • Estimates and Significant Tests for Parameter Restrictions
The estimates for the new model are listed in Table 5 . Empirical results show the new model can capture the fat tailness 8 . Parameters in non-Normal error such as SSAEPD do not capture the skewness and the asymmetric tails 9 . In contrast, EGARCH-type volatilities could capture the asymmetric effects in the data. Hence, one can conclude that the EGARCH-type volatilities is more powerful to capture the asymmetric effect than non-Normal error such as SSAEPD.
For comparison, we also estimate the CAPM-EGARCH (1,1) model. The results are listed in Table 6 and Table 7 . The sensitivity and volatility persistence in these models are not affected by different error β under 5% significance level 13 . And most of them concentrate in higher Book-to-market quintiles 10 In Table 7 , 17 out of 25 stocks have the same estimates of Beta ( ) 2 β , and 20 estimates for 1 d of 25 portfolios are the same in both models. 11 In Table 7 , 16 out of 25 stocks have different estimates of 1 . Table 8 , respectively. Take one portfolio (Size quintile: Small; Book to Market quintile: 2) as an example, the P-value of its 1 β is 0, smaller than 5% . That means, we can reject the null hypothesis and conclude that the coefficient 1 β has statistically significant effect on the value of portfolio returns. P-value of 2 β for this portfolio is 0. That means, under 5% significance level, we reject the null hypothesis and conclude that the coefficient 2 β is statistically significant. That is, market returns have significant effect on the returns of individual portfolio. or smaller Size quintiles. In conclusion, with non-Normal error distribution and EGARCH-type volatilities, the CAPM theory is not alive since they can earn Alpha returns. 12 out of 25 portfolios have significant parameter c . The asymmetric parameters 1 c are most negative which means positive shocks generate less volatility than negative ones. All values of the ARCH terms 1 d and the GARCH parameters 1 a are statistically significant. The ARCH terms 1 d are relatively larger than 0.1, which means the volatility is sensitive to market shocks. The GARCH parameters 1 a are all positive and relatively large, e.g. above 0.9, so the volatility takes a long time to die out following a crisis or a shock in the U.S. stock market.
• Residual Checks
Test results for residuals (see Table 9 ) show that the error terms of these 25 stocks do follow SSAEPD 14 and the CAPM-SSAEPD-EGARCH model is adequate for data used in Fama and French(1993) . However, the CAPM-EGARCH model is not adequate for the data since most of its residuals do not follow the Normal distribution under 5% significance level 15 . Also, non-Normality 16 is documented in Panel B of Table 8 . Same conclusions are also can be drawn from the PDFs of the residuals (i.e. method of "eye-rolling"). Taking one portfolio (Size quintile 2 and BE/ME quintile Low) as an example, we plot the residuals of CAPM-SSAEPD-EGARCH and CAPM-EGARCH in Matlab. They are shown in Figure 1 and Figure 2 respectively. In the figures, for the CAPM-SSAEPD-EGARCH, the difference between the PDF of the residuals and that of SSAEPD is smaller, and these curves are very close to each other. Therefore, one can conclude that the CAPM-SSAEPD-EGARCH fits the data well.
Higher Beta Values for Smaller Size Portfolios
The Beta value ( ) Table 5 ), we can find that the 2 β value decreases as the Size of the 14 The residuals for models are checked with Kolmogorov-Smirnov test. The null hypothesis of KS test is the residuals do follow some distribution. The P-value of KS test is in Table 9 . If the P-value of KS test is bigger than 0.05 , then do not reject the null hypothesis. Otherwise, reject the null hypothesis. First, apply KS test for the CAPM-SSAEPD-GARCH residuals with the null hypothesis
CAPM-SSAEPD-EGARCH residuals are distributed as SSAEPD , , .
From the test results shown in Table 9 , only 4 portfolios in CAPM-SSAEPD-EGARCH are not significant under 5% significant level, which suggests most error terms of 25 portfolios do follow SSAEPD. 15 Then, we test the residual of CAPM-EGARCH, and the null hypothesis CAPM-EGARCH residuals are distributed as Normal , .
H µ σ
Based on the test results shown in Table 9 , we can see that 16 out of 25 portfolios in CAPM-EGARCH are not significant under 5% significant level, which suggests most of the error terms do not follow Normal distribution. 16 We test the SSAEPD and EGARCH parameters respectively with Likelihood Ratio test. In Panel A ( ) Table 6 , all of the P-values except are statistically significant under 5% significance level. β . These portfolios concentrate in the quintiles of smaller Size and higher Book-to-market.
Hence, we conclude the portfolios with smaller Size and higher Book-to-market are less sensitive to market in the new model.
Model Comparisons
The new model is compared with others by AIC criterion (see Table 11 ). We find out our new model is the best one since its AIC are the smallest for 24 portfolios. Hence, we conclude the CAPM model with SSAEPD errors and EGARCH-type volatilities has better in-sample fit.
Conclusions and Future Extensions
Based on the SSAEPD in Zhu and Zinde-Walsh (2009) and the EGARCH-type volatilities in Nelson (1991), a Sharpe (1964) , Lintner (1965) and Mossin (1966) can not explain the US stock market well. They can earn Alpha returns; 2) The estimates of SSAEPD-EGARCH parameters can capture fat-tailness, asymmetric effects and volatility persistence in the data. The EGARCH-type volatilities is more powerful to capture asymmetric effects than the parameters in SSAEPD; 3) The new model has better in-sample fit than others by Akaike Information Criterion (AIC); 4) A portfolio with a smaller Size value may have a larger Beta value, which means that they can be more sensitive to the market.
Future extensions will include but not be limited to the followings. First, different data can be analyzed. Second, the new model can be compared with others such as ARIMA, ARCH and SETAR. Third, the EGARCH-type volatilities and SSAEPD errors can be used to extend Fama-French 3-factor model. Last, the new model can also be applied to risk management such as calculating Value-at-Risk. 
